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AERONAUTIC SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 



Svmbol 



Length _ 
Time__. 
Force. _ 

Power_ . 

Speed _ _ 



P 

r 



Metric 



I nit 



meter 

second 

weight of 1 kilogram 



horsepower (metric) . 
f kilometers per hour_ 
[meters per second _ _ 



Abbrevia- 
tion 



m 

s 

kg 



k.p.h. 
m.p.s. 



Knglish 

Unit 

foot (or mile) 

second (or hour) 

weight of 1 pound 

horsepower 

miles per hour 

feet per second 



Abbrevia- 
tion 



ft. (or mi.) 
sec. (or hr.) 
lb. 



hp. 

m.p.h. 
f.p.s. 



2. GENERAL SYMBOLS 



gravity = 9.80665 



W, AV eight = mg 
g, Standard acceleration of 
m/s 2 or 32.1740 ft. /sec. 2 
W 

rn. Mass = — 
9 

I, Moment of inertia=w/* 2 . (Indicate axis of 

radius of gyration k by proper subscript.) 
fiy Coefficient of viscosity 

3. AERODYNAMK SYMBOLS 



v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of drv air, 0.12497 kg-nr 4 -s 2 at 

lf>° C. and 760 mm; or 0.002378 lb.-ft.' 4 sec. 2 
Specific weight of "standard" air, 1.2255 kg/m 3 or 
0.07651 lb./cu. ft. 



ft 

b, 

W 

w 



L, 
D, 
Pi 
D t , 

C, 
R, 



Area of wing 
Gap 
Span 
Chord 

Aspect ratio 
True air speed 
Dynamic pressure =^pV 2 

Lift, absolute coefficient C L = 

Drag, absolute coefficient C r z> = 



"qS 



D 



Profile drag, absolute coefficient ^ r />o == ^g 



Induced drag, absolute coefficient Opf^^, 
Parasite drag, absolute coefficient ^ji^^g 

C 

Cross-wind force, absolute coefficient ^c = ^§ 
Resultant force 



i u , Angle of setting of wings (relative to thrust 
line) 

i t , Angle of stabilizer setting (relative to thrust 
line) 

Q, Resultant moment 

Q, Resultant angular velocity 

p— > Reynolds Number, where I is a linear dimension 
M (e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C, the cor- 
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 

C p , Center-of-pressure coefficient (ratio of distance 
of cp. from leading edge to chord length) 

a, Angle of attack 

e, Angle of downwash 

a 0 , Angle of attack, infinite aspect ratio 

ct u Angle of attack, induced 

a C) Angle of attack, absolute (measured from zero- 
lift position) 
7, Flight-path angle 



REPORT No. 630 



A FLIGHT COMPARISON OF CONVENTIONAL 
AILERONS ON A RECTANGULAR WING AND 
OF CONVENTIONAL AND FLOATING 
WING-TIP AILERONS ON A 
TAPERED WING 

By H. A. SOULE and W. GRACEY 
Langley Memorial Aeronautical Laboratory 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



HEADQUARTERS, NAVY BUILDING, WASHINGTON, D. C. 
LABORATORIES, LANGLEY FIELD, VA. 

Created by act of Congress approved March 3, 1915, for the supervision and direction of the scientific 
study of the problems of flight (U. S. Code, Title 50, Sec. 151). Its membership was increased to 15 by 
act approved March 2, 1929. The members are appointed by the President, and serve as such without 
compensation. 



Joseph S. Ames, Ph. D., Chairman, 

Baltimore, Md. 
David W. Taylor, D. Eng., Vice Chairman, 

Washington, D. C. 
Willis Ray Gregg, Sc. D., Chairman, Executive C 

Chief, United States Weather Bureau. 
William P. MacCracken, J. D., Vice Chairman, Executive 
Committee, 

Washington, D. C 
Charles G. Abbot, Sc. D., 

Secretary, Smithsonian Institution. 
Lyman J. Briggs, Ph. D., 

Director, National Bureau of Standards. 
Arthur B. Cook, Rear Admiral, United States Navy, 

Chief, Bureau of Aeronautics, Navy Department. 
Harry F. Guggenheim, M. A., 

Port Washington, Long Island, N. Y. 



Sydney M. Kraus, Captain, United States Navy, 
Bureau of Aeronautics, Navy Department. 

Charles A. Lindbergh, LL. D., 
New York City. 

Denis Mulligan, J. S. D., 

Director of Air Commerce, Department of Commerce. 

Augustine W. Robins, Brigadier General, United States 
Army, 

Chief Materiel Division, Air Corps, Wright Field, 
Dayton, Ohio. 
Edward P. Warner, Sc. D., 

Greenwich, Conn. 
Oscar Westover, Major General, United States Army, 

Chief of Air Corps, War Department. 
Orville Wright, Sc. D., 

Dayton, Ohio. 



George W. Lewis, Director of Aeronautical Research 
John F. Victory, Secretary 
Henry J. E. Reid, Engineer-in-Charge, Langley Memorial Aeronautical Laboratory, Lang ley Field, Va. 
John J. Ide, Technical Assistant in Europe, Paris, France 



TECHNICAL COMMITTEES 
aerodynamics aircraft structures 

POWER PLANTS FOR AIRCRAFT AIRCRAFT ACCIDENTS 

AIRCRAFT MATERIALS INVENTIONS AND DESIGNS 

Coordination of Research Needs of Military and Civil A viation 
Preparation of Research Programs 
Allocation of Problems 
Prevention of Duplication 
Consideration of Inventions 

LANGLEY MEMORIAL AERONAUTICAL LABORATORY OFFICE OF AERONAUTICAL INTELLIGENCE 

LANGLEY FIELD, VA. WASHINGTON, D. C. 

Unified conduct, for all agencies, of Collection, classification, compilation, 

scientific research on the fundamental and dissemination of scientific and tech- 

problems of flight. nical information on aeronautics. 



REPORT No. 630 



A FLIGHT COMPARISON OF CONVENTIONAL AILERONS ON A RECTANGULAR WING 
AND OF CONVENTIONAL AND FLOATING WING-TIP AILERONS 

ON A TAPERED WING 

By H. A. Soule and W. Guacey 



SUMMARY 

Flight tests comparing the relative effectiveness of con- 
ventional ailerons of the same size on wings of rectangular 
and tapered plan forms were made with a Fairchild 22 
airplane. Information is included comparing conven- 
tional and floating wing-tip ailerons on a tapered wing. 
The results showed that the conventional ailerons were 
somewhat more effective on the tapered than on the rectan- 
gular wing. The difference, however, was so small as to be 
imperceptible to the pilots. The floating wing-tip ailer- 
ons were only half as effective as the conventional ailerons 
and, for this reason, were considered unsatisfactory. 

INTRODUCTION 

At the request of the Materiel Division of the Army 
Air Corps, the N. A. C. A. has conducted a series of 
flight tests to compare the relative effectiveness of con- 
ventional ailerons of a given size on wings having rec- 
tangular and tapered plan forms. Earlier wind-tunnel 
tests are reported in references 1, 2, and 3. The 
flight tests were made with two Fairchild 22 airplanes. 
The two w T ings used in the investigation were of the 
same area and span. One had a rectangular plan form 
with semicircular tips and the other a taper ratio of 
2:1. The conventional ailerons with which these wings 
were fitted had the same plan-form dimensions and were 
arranged during the flight tests to have approximately 
the same deflections. 

The tests consisted of the determination of the effec- 
tiveness of the ailerons (1) for different degrees of deflec- 
tion at two air speeds, and (2) for full deflection at 
various air speeds throughout the speed range of the 
airplane. The comparisons are based on the maximum 
measured rolling accelerations and velocities, the ob- 
served yawing action, and the computed rolling-moment 
coefficients. 

In addition to being fitted with the conventional 
ailerons, the tapered wing was equipped with detach- 
able wing tips that could be replaced by floating wing- 
tip ailerons. The floating wing-tip ailerons were also 
tested during the investigation and were compared 
with the conventional ailerons on the same wing. 



AIRPLANES AND WINGS 

The Fairchild 22 airplanes used in the investigation 
are shown in figures 1 and 2. The rectangular wing, 
which had the same plan form as the standard wing 
for the Fail-child 22 airplanes, had a span of 32 feet 10 
inches, a chord of 5 feet 6 inches, an area of 171 square 
feet, and an N. A. C. A. 2R X 12 airfoil section. The 
conventional ailerons with which this wing was fitted 
had a span of 13 feet 3% 6 inches (81 percent 6/2) and 
a chord of 12 inches (18 percent c). They were 




Figure 1. —Fairchild 22 airplane used for tests of conventional ailerons on a 
rectangular wing. 




Figure 2.— FairdiiM 22 airplane used for tests of conventional ailerons on a 
tapered wing. 



operated differentially, having a maximum upward 
deflection of 17° and a downward deflection of 9°. 

The tapered wing (figs. 2 to 5) had the same span and 
area as the rectangular wing. It had a 2:1 taper ratio 
with a straight trailing edge. The trailing edge was 
made straight so that the aerodynamic centers of the 
tapered and rectangular wings could be located at the 
same point relative to the fuselage while still permit- 
ting access to the rear cockpit. In external dimen- 
sions the tapered wing was comparable with an in- 

l 
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tern ally braced wing although it was supported ex- 
ternally for the tests. The airfoil section varied from 
an N. A. C. A. 2218 section at the root to an N. A. C. A. 
2209 section at 15 feet from the axis of symmetry. The 
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Figure 3.— Three-view drawing showing the installation of the tapered wing on a 
Fairchild 22 airplane. 
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Figure 4.— Section through tapered wing at outboard end of conventional aileron. 

wing tips were rounded. The chord varied from 7 feet 
4 inches at the root to 3 feet 8 inches at the 15-foot 
station. 

The conventional ailerons on this wing had the same 
span and chord and were located in the same position 
relative to the wing span as were the conventional 



ailerons on the rectangular wing. They were operated 
differentially and, for the tests, were limited so that 
the maximum upward deflection was 18° and the 
downward deflection 9°. Owing to differences in the 
aileron-operating mechanism, the maximum aileron 
deflections on the tapered wing were obtained with a 
stick deflection of 14°; whereas, with the rectangular 
wing, the maximum deflections were obtained with a 
stick deflection of 20°. The plan view in figure 3, on 
which the rectangular wing has been drawn in outline, 
gives a direct comparison of the wings and the conven- 
tional-aileron installation. 




(a) Installation of fixed wing tip. 




(b) Installation of floating wing-tip aileron. 
Figure 5— View of right wing. 

For the installation of the floating wing-tip ailerons, 
the fixed tips of the tapered wing outboard of the 15-foot 
station were removed and the conventional ailerons 
were locked in their neutral position. The floating 
wing-tip ailerons had a symmetrical N. A. C. A. 0009 
airfoil section at the root. Each aileron had an area 
of 7.9 square feet and a span of 35 inches; the wing area 
and the span with these ailerons were 177 square feet 
and 35 feet 10 inches, respectively. These ailerons 
were statically balanced about a hinge axis 17 percent 
back of their leading edges and were permitted to float 
freely between limiting positions of 40° up and 30° 
down. The ailerons could be deflected relative to 
one another to obtain a maximum angular difference 
of 30° with a stick movement of 24°. 
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Figure 6.— Variation of the maximum rolling velocities and accelerations with 
deflection of conventional ailerons on the rectangular wing. 



Figure 7.— Variation of the maximum rolling velocities and accelerations with 
deflection of conventional ailerons on the tapered wing. 
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Figure 8— Comparison of the maximum rolling velocities and accelerations with full 
deflection of conventional ailerons on the rectangular and the tapered wings. 
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Aileron deflection, percent 

Figure 9.— Variation of the maximum rolling velocities and accelerations 
with deflection of floating wing-tip ailerons on the tapered wing. 
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TESTS AND RESULTS 

With each of the lateral-control systems, two series of 
tests were made. In one series, the ailerons were 
abruptly moved to their maximum deflections during 
steady flight al various speeds throughout the flight 
range. In the other series, the amount the ailerons 
were moved was varied at each of two air speeds, one in 
the high-speed and the other in the low-speed range. 
Each series of tests was made in gliding flight for only 
right deflections of the stick. Records were made of 
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Figure 10.— Comparison of t he maximum rolling velocities and accelerations with full 
deflection of the conventional and floating wing-tip ailerons on the tapered wing. 
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FIGURE 11. Variation of the mean floating angle of the wing-tip ailerons with speed. 

the initial air speed, the amount the ailerons were 
moved, and the angular velocities of the airplane in 
rolling and yawing. These measurements were sup- 
plemented by pilots' observations of the control action 
and control force. 

The records were inspected for any lag or sluggishness 
in the response of the airplane to the aileron movement 
and for the direction of the initial yawing velocity. 
From the records of the rolling velocity, the maximum 
rate of roll resulting from a given aileron movement was 
directly obtained. The maximum angular accelerations 
in roll were obtained by differentiation of the rolling- 
velocity records. 



The results of the measurements are presented in 
figures 6 to 12. Figures 6 and 7 show the results of 
the partial-deflection tests of the conventional ailerons 
on the rectangular and tapered wings. The aileron- 
deflection scales of these figures are based on the differ- 
ences between the angles of the up and down ailerons. 
For the three aileron systems tested in the investiga- 
tion, the aileron deflections were approximately pro- 
portional to the deflections of the control stick. Figure 
8 compares the rolling effectiveness for full deflection 
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FIGURE 12. Comparison of the rolling-moment coefficients of the lateral-control 
systems tested. 



of the ailerons on the two wings. Also shown in this 
figure are the results of tests of the standard wing for 
the Fairchild 22 airplane. These results were used as a 
basis for comparison of the different types of lateral 
controls treated in reference 4. Data similar to those 
given in figures 6 and 8 for the conventional ailerons 
are given in figures 9 and 10 for the floating wing-tip 
ailerons. The mean floating angles of the wing-tip 
ailerons at various speeds in steady flight are shown in 
figure 1 1. 

Figure 12 has been prepared to compare the lateral- 
control systems on the basis of the rolling-moment 
coefficients. The method of computation used in the 
preparation of this figure involves a correction of the 
measured acceleration to zero rate of roll so that the 
computed coefficients are comparable with those ob- 
tained from wind-tunnel tests. (See reference 4 for 
details of method.) The moments of inertia of the 
airplanes about the X body axes were required for the 
computations. The moment of inertia of the airplane 

I with the rectangular wing was 707 slug-feet 2 ; that for 
the airplane with the tapered wing was 76G slug-feet 2 
as flown for tests of the conventional ailerons and 1,018 
slug-feet 2 as flown for the tests of the floating wing-tip 

I ailerons. 
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DISCUSSION 

COMPARISON OF CONVENTIONAL AILERONS ON RECTANGULAR 
AND TAPERED WINGS 

The rolling effectiveness of the conventional ailerons 
on Ihe rectangular ami the tapered wings may be com- 
pared on the basis of the information given in figures 8 
and 12. Figure 8 shows that the maximum rolling accel- 
ora t ions given by the ailerons on the two wings were ap- 
proximately the same. The maximum rolling velocities 
attained were slightly greater with the tapered than 
with the rectangular wing. The difference in the roll- 
ing velocities was of a magnitude sufficient to make a 
difference of 2° to 3° out of approximately 25° in the 
angle of bank attained in 1 second after the control 
movement. This difference was not discernible to the 
pilots making the tests, who reported that the rolling 
effectiveness was equally good with either wing. 

The rolling-moment coefficients given in figure 12 
also showed that the conventional ailerons, when in- 
stalled on the tapered wing, are somewhat superior to 
the same ailerons when installed on the rectangular 
wing. The improvement varied slightly with lift 
coefficient and was of t he order of 5 percenl a t t he higher 
lift coefficients, where normally the greatest difficulty is 
met in obtaining adequate control. This result is in 
agreement with the wind-tunnel tests of reference 1 
and was indicated by an analysis of the two aileron 
installations made in accordance with the procedure 
given in reference 3. 

With both wings, the ailerons showed a normal varia- 
tion of effectiveness with control deflection (figs. 6 and 
7). Xo lag or sluggishness was noted in the response 
of the airplanes to control movements. The yawing 
action with both wings was small and adverse and was 
slightly greater with the tapered than with the rectangu- 
lar wing. This result is at variance with the wind- 
tunnel tests of reference 1 and with the theoretical 
treatment of reference 3, both of which indicate that 
the tapered wing should have the smaller yawing action. 
No analysis was made regarding this discrepancy be- 
cause the yaw ing action was relatively small w ith either 
wing. No comparison was made of the control forces 
with the two different w ings because of the difference in 
the mechanical advantage for the two control systems. 
From the fact that the stick travel for the tapered w ing 
was only two-thirds thai for the rectangular wing, it 
was expected that the control force for the tapered wing 
would be of the order of one and one-half times that for 
the rectangular wing. The pilots' reports were in 
agreement with this rough analysis. 

COMPARISON OF CONVENTIONAL AND FLOATING WING-TIP 
AILERONS ON THE TAPERED WING 

A comparison of the rolling effectiveness of the con- 
ventional and the floa ting wing-tip ailerons on the tapered 
wing is given by figures 10 and 12. These results show 
the floating wing-tip ailerons to be only about one-half 
as efFective as (ho conventional aileron-. Observations 



made of the control effectiveness at and beyond the stall 
showed that, although the airplane could not be con- 
trolled laterally at the stall with either of the ailerons, 
some control effectiveness was retained beyond the stall 
with the floating wing-tip ailerons but not with the 
conventional ailerons. 

Aside from the low rolling effectiveness of the wing- 
tip ailerons, their behavior was normal. The results of 
the partial-deflection tests given in figure 9 show that 
the variation of control effectiveness with aileron deflec- 
tion is nearly linear. No lag or sluggishness was 
recorded or observed by the pilots. A small positive 
yawing action was noted. The pilots estimated that 
the stick forces with the wing-tip ailerons were about 
one-quarter of those for the conventional ailerons on 
t he rectangular wing. 

It is appreciated that the area of the w ing-tip ailerons 
could be considerably increased in size with an accom- 
panying increase in effectiveness before the stick forces 
approach those of conventional ailerons. (See refer- 
ence 5.) This increase in aileron area could not be 
accomplished, however, without unduly increasing the 
span and weight of the wing. It is believed that the 
wing-tip ailerons tested are the largest size practicable 
for the w ing. 

CONCLUSIONS 

1. The effectiveness of the conventional ailerons was 
slightly greater on the tapered than on the rectangular 
wing but the difference was not sufficient to be appre- 
ciated by the pilots. 

2. The floating wing-tip ailerons were considered un- 
satisfactory because their rolling action was approxi- 
mately half that for the conventional ailerons. 



Langley Memorial Aeronautical Laboratory, 
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Langley Field, Va., October 27, J 937. 
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D, Diameter 
y } Geometric pitch 
p/D, Pitch ratio 
V, Inflow velocity 

Slipstream velocity 

Thrust, absolute coefficient CV= 



T, 

Q, 



4. PROPELLER SYMBOLS 

P, 



Torque, absolute coefficient C e = 



> 2 Z> 4 

: Q 



C 

V, 

n, 



Power, absolute coefficient C P = — 5™ 

Speed-power coefficient =^^2 
Efficiency 

lie volutions per second, r.p.s. 
Effoctive helix angle=fan" 1 ^^~^-^ 



" pn 2 D* 

5. NUMERICAL RELATIONS 



1 hp. = 76.04 kg-m/s=550 ft-lb./sec. 
1 metric horsepower= 1.0132 hp. 
1 m.p.h. = 0.4470 m.p.s. 
1 m.p.s. =2.2369 m.p.h. 



1 lb. =0.4536 kg. 

1 kg=2.2046 lb. 

1 mi. = l,609.35 m=5,280 ft. 

1 m=3.2808 ft. 



